In this paper the Signalling approach to the explanation of wage differentials is analysed in a critical way. Departing from the classic Spence's model, the article shows how the introduction of inequalities in accessing to education leads to separating equilibria characterised by redistributive effects among workers and firms, with lower wages for high skill workers respect to the traditional model. Moreover pooling equilibria can also exist as effect of such inequalities; in this case a unique wage exists for all types of workers, operating as a redistributive effect from high-skill to low-skill workers.
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-Introduction
The relationship between individual investment in education and wages differentials has been extensively analysed both from an empirical and a theoretical point of view; it starts from the idea that better educated people exhibit qualitative features particularly attractive for firms. The rationale for this observed regularity lies on, at least, two different theoretical approaches: the human capital and the signalling model. According to the latter, education provides a ''signal'' about the productivity characterising a worker randomly drawn from the population: individuals characterised by a higher level of education are in general more able than less educated people.
As an example: they have lower propensities to quit or to be absent, are less likely to smoke, drink or use illicit drugs and are generally healthier (Andrew Weiss, 1995, page 133) . The main idea is the following: at the birth, each individual receives a given level of ''intrinsic ability'' according to some exogenous (natural?) distribution; high-skill individuals are more productive, when employed, than low-skill ones and such a feature calls for a higher wage. Employers do not know, a priori, what kind of worker they are facing but education provides a key to solve the informative problem, as the pioneering Spence's work suggests, since, as in a sort of Darwinian mecha-nism, only more able individuals survive to a longer staying successfully at school thanks to a lower effort. As far as the former is concerned instead, individuals acquire their productivity staying at school longer; in this case worker's productivity is solely related to length of schooling, and inborn abilities can affect marginally such characteristic. In the signalling approach hence the nexus education -individual ability is exactly reversed with respect to the human capital model; in the latter, a longer permanence at school induces a higher productivity while for the former a higher individual ability involves a higher level of education. The two sides of the coin are not necessarily rivals, and likely they are not, but it is extremely difficult to identify which of them is predominating in the real world with the result that the ''human capital/signalling'' debate has generated a large empirical literature. For many years the ''Mincer approach'' has been extensively used in empirical studies analysing the wage-education nexus hidden in the human capital model; nevertheless recent contributions, especially from Altonji, (1995) , have shed further light on the topic taking into account for agents' heterogeneity measured by several individual factors, as parental income, parental education, individual ability, place of birth and quality of the attended school, as in Card and Krueger, (1996) , other than variables related both to individual and socio-economic context. Main result of these empirical studies underlines the signalling -or at least they arise some serious doubts on the human capital explanation to the observed regularities -rather than the human capital explanation to wage differentials; under this point of view the empirical analysis does not provide a definitive key to solve the ter Sorensen and Anthony Atkinson for helpful comments on a previous version. Usual dis-theoretical debate. For such reason in this paper we shall try to analyse the signalling approach robustness in providing an explanation to the wage differentials from a pure theoretical point of view. Obviously it is out of my goals any attempt to provide the debate with a conclusion; rather I will to focus on some logical and theoretical embarrassment of the signalling model, although I am aware that the theoretical model is only a stylised representation of a complex reality. Our analysis starts from the idea that in the signalling approach, hereafter identified with the Spence's model and following refinements 1 , it is implicitly assumed that individuals have a free access to education and only a subjective reason (the personal aversion towards education) ''constrains'' their choice. But if education has a cost, and if individuals face a budget constraint, is it still possible to achieve the education level signalling properly own productivity? In the Spence's model each individual owns the same opportunity of accessing to education; if we abandon such an assumption and we take into consideration inequalities among individuals to access to education then several questions arise about the validity of the signalling approach in explaining the earnings distribution, as the paper points out. The article is composed as follows: in section 2 a brief review of the Spence's model is provided. It underlines the ''separating property'' of the solution, obtained by suitable refinements of the Nash equilibrium, due to Cho-Kreps, (1987) , and Banks-Sobel, (1987) . In section 3 we claimers apply. 1 It is worth stressing that in the following we are going to focus on the ''signalling'' rather on ''screening'' approach; the difference is in the first move: in the signalling approach the worker plays the first move while in the screening one such move is left to the firm by means of wage offers. An interesting case of screening in a dynamic framework is provided by Noldeke and Van Damme, (1990) .
shall use the same framework but with a ''rationed agent'' who can not properly signal her quality to the firm. We shall see that both separating and pooling equilibria are possible, with a particular result about the way more able individuals are remunerated in a separating equilibrium. Conclusions follow.
-The Spence's model: a review.
The signalling approach takes into consideration the ''strategic interaction'' between individual and firm on the job market; such interaction can be well analysed by the theory of Signalling Games because of the informative problem induced by the theoretical framework. In fact when a firm faces a worker on the job market, it knows, a priori, neither the productivity of the latter nor it can hope that the individual ''reveals'' herself, since less-skilled individuals strictly prefer ''to mimic'' skilful types in order to get higher wages. Hence an ''asymmetric information game'' is at the work here; there is a player (the worker) who owns a larger information set than her opponent (the firm), since the former knows her type but not so for the latter. In order to keep the discussion as intuitive as possible, I am going to analyse the simplest case of signalling game. There exist two ''types'' of worker with different ability indexed by the integer t, viz. low-skill (t=1) and high-skill (t=2 [ ]
Equation (1) shows the conditional probability ) | ( e t µ as a ratio between a joint probability (numerator) and a marginal probability (denominator) 4 . In this way the expected wage follows:
As it is easy to check, e e w e 2 ) ( ≤ ≤ . For example, if the firm believes that the observed education level e comes from a type 1, then 0
and the firm best reply is w=e. Nevertheless Eq.
(1) can be used
,2, i.e. when the denominator is different from zero, which occurs for education levels chosen in equilibrium with a positive probability; nevertheless, in order to test an equilibrium robustness, we need to analyse ''off-equilibrium'' education levels for which (1) does not hold, since the denominator is, in this case, zero -off-equilibrium moves are, by definition, not chosen by players hence their probability to be played is zero.
To avoid such a problem, we have to set up a beliefs system also for offequilibrium moves. The equilibrium refinement proposed by Cho and Kreps, (1987) , known as Intuitive Criterion, fits this end 5 .
Now we are ready to show the game solution through the diagram in Figure 1 This figure shows a ''separating equilibrium'' where type 1 chooses the education level e 1 and type 2 chooses e 2 . Such a result can be supported by beliefs putting zero weight on the fact that education levels e< e 2 come, 4 It might be worth spending some words on it. The numerator is a joint probability because it is the product of a marginal and a conditional probability; it represents the probability that an individual t chooses the education level e since p(t) is the (marginal) probability to face a t-type and ρ(e|t) is the probability that type t chooses the education level e. The denominator represents the (marginal) probability to choose an education level e whatever the type. finement establishes that observing a given signal in equilibrium -e 2 -for which type-1 gets the same utility level of a lower signal -e 1 in our case -while type-2 has a strong incentive to depart from such a message in order to be properly separated, then we can attribute the observed signal to type-2 with probability one. See Banks and Sobel, 1987. 7 It is worth stressing that these points are off-equilibrium, hence we can not set up a beliefs-system by the (1), viz we can not assume p(1)ρ(e|1) +p(2)ρ(e|2) >0. We are going to use the above mentioned Nash refinements in order to restrict beliefs. 8 Such a belief is coherent with the Bayes rule because if the observed level e were the equilibrium result, then we necessarily should have ρ(e|1)=ρ(e|2)=1 which, together with the prior probability p(1)=p(2)=1/2, provides exactly the above belief. Moreover it is not by chance that the posterior probabilities (belief) match the prior probabilities, since, in absence of a new information on types, the Bayes rule provides no updating on beliefs.
(by (2)). Workers know this firm strategy and they choose a common education point ) , ( 2 1 e e e ∈ on the mix-line w=1.5e, since this is the better choice in such a situation. In other words seems that our original separating equilibrium collapses in a pooling equilibrium but this would be a wrong conclusion. In fact in a pooling equilibrium type 2 is worse off than in the separating one, since the pooling involves lower indifference curves for type 2.
Hence she has a strong incentive to deviate from the pooling equilibrium by sending a higher signal in order to separate properly herself with the result of breaking down the pooling equilibrium; in such situation the best strategy for type 1 is e 1 since it can not mimic a type 2.
Concluding, in the Spence's model only a separating equilibrium survives, solving the informative problem thanks to a workers self-selection by means of education. Despite education does not increase individual ability at all, it provides the right signal to identify the worker productivity. The model offers a simple but powerful microeconomic theory justifying a positive relationship between wage and education, which in turn hides a positive relationship between wage and individual productivity.
-A slightly different game.
So far the story sounds quite standard. However, as pointed out in the introduction, the Spence's model does not involve any pecuniary cost for education; such a characteristic leads implicitly to assume that either education is entirely free or individuals are rich enough to achieve the necessary educational level. In this section we are going to modify the Spence's model by assuming that education is costly (not only as individual effort) and in order to analyse the effect of such an assumption let us introduce a third worker. The latter is a high skill worker but she is poorer than the typical type 2; we shall call, conventionally, this ''rationed'' agent as 2 1 and the nonrationed one as 2 2 . The only difference between these types is in the feasible education set, viz, while 2 2 selects of questions: firstly because we are investigating the robustness of the signalling approach to introduction of inequalities among workers and in particular to heterogeneity in accessing to education. Secondly because, as it will be clearer later, borrowing does allow rationed individuals to achieve the necessary education level, but, because of the debt refunding, they incur in a loss of utility with respect to non-rationed players. In other words, in the separating equilibrium, there is a redistributive effect from the rationed worker to the lender; the introduction of borrowing does not preserve from this form of market failure. Under this point of view, the assumption of borrowing does not change our conclusions about the failure of the market in providing a wage distribution which is solely related to inborn abilities ruled by Nature, as we are going to point out. Finally several authors have stressed the incompleteness of the human capital market because of the lack of collateral. By so doing we restrict the feasible message set for player 2 1 to a compact one with the right bound lower than the signalling threshold e 2 .
We have now to investigate how such an assumption can affect the previous section results; we distinguish two cases: in the first one has been drawn). In the Spence's model, because of assumptions on the individual preferences, high Sender (workers) are stronger than low ones; The higher t is, the more R (the firm) is willing to pay. Consequently, ... any (Cho-Sobel, (1990) , page 392). In other words, in such a signalling game, the highest type -type 2 in our case -is always better off in a separating rather than in a pooling equilibrium, since she can achieve a higher indifference curve. For such a reason this type of sender prefers revealing properly herself by means of education and lower types try to mimic, until possible, her behaviour; this is exactly the way by which we broke down the pooling equilibrium in the previous section: the highest type is always willing to choose any necessary amount of education separating herself from the lowest one. For such a reason, type 2 2 does choose e 2 as education level and the informative problem affects only type 2 1 ; in other words, we have only to concentrate on players 1 and 2 1 who are the only agents sending a signal e<e 2 .
Sender type t would like R to believe that t=T (the highest type) ... higher types are more willing to send higher signals than lower types'
When the highest type is constrained to a compact message set, pooling equilibria are also possible; this is one of the contributions of the Cho and Sobel article, Proposition 4.1 page 395. For a rigorous demonstration of such a result the reader is urged to read the cited article; nevertheless an intuitive justification can be provided on the basis of the previous reasoning.
Since the highest type has always an advantage in separating rather than in pooling equilibria, she does choose the maximum education level signalling properly herself but the latter could require a value outside the feasible choice set. In this case the feasible message set is not sufficient to separate workers, but the optimising program induces the highest type to use the maximum feasible education level in the attempt to signal her productivity; by so doing she will be mimicked by the low-skill individual who tries to get a higher earning. The final result is a pooling equilibrium surviving the mentioned Nash refinements.
By the above reasoning we obtain an interesting result: when individuals, and in particular high-skill types, can not access to a suitable education level and a pooling equilibrium arises, then education does not provide any explanation to the earnings distribution, at least in this class of models.
Moreover, in a pooling equilibrium, part of more able individuals ''ability rents'' (I borrow this terminology from Stiglitz, 1975 ) is redistributed to less able ones, since the latter get a higher wage than in a separating equilibrium.
In other words we assist to a market failure operating as a tax on high-skill individuals and accruing to low-skill ones as a subsidy.
It must be remarked however that separating equilibria are still possible; let us come back to our example beginning from the * _ e e > case. In such a case a pooling equilibrium could be represented by the bold dot in Figure 2 on the _ w ray 9 -the maximum feasible signal, as suggested by the cited work of Cho and Sobel; yet such an equilibrium can be easily broken down. If we mark u*(t) the utility achieved by type t in this pooling equilibrium, it is easy to note that u* (1) then type 2 1 can achieve a higher indifference curve in a pooling equilibrium for some e<e * . Obviously type 1 will follow such a choice, since in this case she achieves a higher indifference curve than in a separating equilibrium.
Figure 3
If instead the indifference curve of type 2 1 cuts from above, or is tangent to, the _ w ray for * _ e e = then type 2 1 is worse off in any other point than _ e while type 1 is indifferent between e 1 and _ e . Hence signalling _ e is more important for type 2 1 than type 1 and for such reason we can assign weight one to the belief that _ e is coming from the former rather than the latter -the argument follows the Divinity criterion, as previously remarked. In this case hence we obtain a separating equilibrium once again but it is also the left bound of the separating equilibria set; at the left of e * in fact, only pooling equilibria are possible at the maximum feasible signal * _ e e < (this is a case where the Cho-Sobel proposition 4.1 applies) since this kind of equilibrium involves higher indifference curves for both types, and in particular for type 1which has a strong incentive to deviate from the separating equilibrium. In other words, when * _ e e < the maximum feasible signal sent by type 2 1 is no longer sufficient to prevent mimicking from type 1 and a pooling equilibrium arises.
The result obtained shows that, depending on the _ e value, it is possible to identify either a separating or a pooling equilibrium; these equilibria sets are parameterised to _ e and, varying the latter, we obtain a continuum of equilibria spanning from pooling to separating; in other words, the Nash equilibria set for such a game is connected.
So far, we have intentionally skipped any reference to the firm best reply to type 2 1 in a separating equilibrium, i.e. when ( ) 2 * _ , e e e ∈ ; now we fill the gap. In a separating equilibrium -as the one where type 1 chooses e 1 and type 2 1 chooses the maximum feasible signal 2 _ * e e e < < -type 2 1 is properly identified as a high-skill worker but the firm best reply can not be _ 2 e w = , because in this case type 1 has an incentive to deviate from the equilibrium, given that the bundle ) , 2 ( _ _ e e lies on a higher indifference curve for this kind of worker (see figure 4 below).
In such a situation the firm best reply to type 2 1 is to fix a wage level compatible with the separating equilibrium, as the wage w * corresponding to the bold dot in Figure 4 . Note that such a wage level is lower than the one type 2 1 should receive: _ * 2e w < ; nonetheless this is the best that both players can do. The constraint on the type 2 1 signals set, jointly to the presence of a type 1, produces an inefficiency in the job market in sense that type 2 1 is paid less than her productivity; firms hiring this kind of worker attain positive profits in equilibrium thanks to the lower ability rents accruing to type 2 1 workers 10 .
Figure 4 -A Different Separating Equilibrium
Moreover if there exists, as previously assumed, a second high-skill worker who can freely choose the properly separating education level, then another theoretical embarrassment arises, viz. the presence of two equally productive individuals receiving a different wage. If we assume that the economy consists of two sectors, one using low-skill and the other one highskill workers, then in the ''high-tech'' sector firms strictly prefers type 2 1 to 2 2 since the former owns the same skill level but she is willing to accept a lower wage than her productivity level, since she can not do better. It is clear that in such a situation no firm demands for type 2 2 .The only way for the latter not to be expelled from the labour market is to mimic type 2 1 be- The results obtained so far underline that a separating equilibrium operates in a proper way when education is a type of commodity that individuals can purchase in any desired amount; when inequalities in accessing to education are introduced in the Signalling approach, then this theoretical scheme arises a series of market failures characterised by redistributive effects among players. Pooling equilibria involve a partial transfer of ability rents from high-skill to low-skill workers. Even worse, in such a case the signalling approach fails to provide an explanation to wage differentials.
Viceversa, in a separating equilibrium recipients of the redistributive effect are the firms. In both cases, some workers receive an earning which is less than their productivity.
11 This kind of inefficency does not arise in a pooling equilibrium; in this case in fact type 2 1 is grouped with type 1 and type 2 2 can be properly identified, receiving the right wage.
Conclusions
Goal of the paper was to analyse the robustness of the signalling approach in explaining the nexus wage -education. In section 2 we analysed the Spence's model underlining the separating property of the unique equilibrium surviving the suitable Nash refinement. In section 3 we altered a key assumption of the model by introducing heterogeneity among more able individuals, showing how inequalities in accessing to education lead to a serious distributive problem.
It seems to me that three main conclusions arise. The first one concerns inequalities in accessing to education; if a part of more able individuals can not send the right amount of signal, then they suffer of a utility loss which induces a redistributive effect to the firms. The consequence is that each more able individual, rationed and not, is underpaid with respect to her productivity. Moreover it is not possible to rule out such a distortion by subsidising individuals, since, because of the asymmetric information, we do not know, a priori, the recipients. Neither borrowing solves the problem, since it allows individuals to attain the necessary education for a right signalling, but in equilibrium such individual gains the same wage of the nonrationed individual with an additional cost due to refund; also in this case there is a partial redistributive effect of the borrower ability rents to the lender, despite the presence of a fully separating equilibrium. The only way to avoid such a problem is to guarantee to everyone a free access to education.
The second point concerns the real functioning of an educational in- The third and last point takes into consideration the trade-off between efficiency and equity. In the microeconomic model used so far, a t-type individual who studies e has a value te for the firm. Although education does not affect the individual ability at all, a sort of learning by doing is at work here, since individuals' productivity depends both on t and e. More precisely, the signalling device involves a ''by-product'' to the extent that more able individuals must invest considerable resources in education in order to be properly separated; the final result is that they are more productive not only because they are more able but also because they stay longer in school.
From this point of view, the learning component produces a level effect in the aggregate production as consequence of the signalling device. If argument of a social utility function were the level of GDP, then any policy increasing the amount of education necessary to provide a fully separating mechanism should be considered. In fact, from a macroeconomic point of view, a perfect signalling -hereafter identified with the model of section 2 -increases the aggregate output, since it establishes a monotonically increas- more able individuals play a leading role in the production process and consequently in the distributive one; although less-skilled workers choose voluntarily a low education level according to their preferences, if signalling works fully, they tend to have a low weight on the growth process, being the latter primarily driven by more able workers, with the result that, in a growing economy, the weight of less able individuals tends to be reduced. One can object that the distributive problem involved in the signalling model is a false matter: in the Spence's model the individual's inborn ability is solely related to a genetic, or natural, endowment so that the earnings distribution obtained in a separating equilibrium reflects only genetic differences among individuals in a fair way. For such a reason several authors underlines the fairness of such result. Nevertheless, a completely different interpretation exists (see Atkinson, 1980 , among others): inborn ability is not totally exogenous since it is related to parental skill, family background, standard of life which are intimately connected to the socio-economic context. These factors represent a source of mistake in sorting individual so that the more the signalling is ''noisy'', the more the distributive process is biased; in such a case not only the market fails to allocate workers according to their real ability, but it creates additional inequalities. The debate about the equity characterising a ''natural'' distribution is an old matter and a too complex subject to be discussed here. This work simply wants to underline some theoretical inconsistencies involved in the signalling approach to wage differentials. To the extent that inequalities in accessing to education and in in-born abilities induced by different parental contexts reduce greatly the informative power of education, the signalling approach arises more questions than answers. Obviously this does not mean that a signalling device does not operate at all, but simply that the power of such an approach in understanding the nexus wage -education has to be carefully considered.
